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COOLED PRESSURE SENSOR 

BACKGROUND OF THE INVENTION 

The invention relates to a cooled pressure sensor with a 
?rst housing part containing inlet and outlet pipes for a 
cooling medium, and a second housing part sealed gas-tight 
by means of a membrane and containing a signal-generating 
element for force or displacement sensing. 

Such sensors are used, for example, for pressure mea 
surement in the combustion chamber of internal combustion 
engines. Such processes are accompanied by very high heat 
?ows into the pressure sensor, which require strong cooling 
to carry off from the sensor the thermal energy entered by 
radiation, convection or conduction, while causing large 
heat deformations of the sensor components. In internal 
combustion engines the mounting site of the pressure sensor 
is often subject to strong deformation, exposing the sensor 
to mechanical stresses frequently surpassing those caused by 
the measurement pressure. 

DESCRIPTION OF THE PRIOR ART 

In previous pressure sensors the cooling system essen 
tially comprises a large rotation-symmetrical space between 
the wall of the housing and the transducer, which extends as 
far as to a sealing element on the side subject to pressure, 
i.e., the membrane subject to the pressure to be determined. 

In this context a pressure sensor is described in AT-PS 261 
934, for instance, which is provided with a signal-generating 
element in a housing. This element directly rests against the 
housing by means of a shoulder, and against a membrane 
welded to the housing. The lower part of the element is 
surrounded by an annular chamber through which a cooling 
medium is passed. By means of two diametrically opposed 
strips, the annular chamber is divided into two identical 
halves, one of which is connected to an inlet pipe and the 
other one to an outlet pipe. Furthermore, open passages are 
provided that extend towards the membrane, connecting the 
two halves of the annular chamber with each other and 
carrying the cooling medium. 

Although the cooling performance obtained with the 
known device in the area of the membrane is comparatively 
good, the ?ow velocities in the annular chamber around the 
signal~generating element are relatively small and inhomo 
geneous, such that the area of the signal-generating element 
is not su?iciently cooled. 

Besides, the mechanical strength of the sensor housing is 
strongly impaired by the relatively large annular chamber at 
the end subject to heat and pressure. This will lead to 
relatively large deformations of the sensor housing as a 
result of both the temperature-induced stresses at the sensor 
and the deformations at the mounting site, such that error 
signals may be generated. The possibility of utilizing a 
suitable con?guration of the cooling chamber to cool certain 
parts of the sensor more than others, thereby obtaining a 
uniform temperature, can hardly be realized in this known 
type of sensor. 

SUMMARY OF THE INVENTION 

It is an object of the invention to propose a pressure sensor 
which, in addition to oifering a satisfactory rigidity of the 
housing part facing the pressure medium to be measured, is 
provided with a cooling system permitting the thermal 
energy input into the sensor to be carried o?c effectively. 
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2 
In the invention this is achieved by providing a number of 

cooling channels in the wall of the second housing part, 
which channels are at least indirectly connected to the inlet 
and outlet pipes, and which are arranged in a cage-like 
manner around the signal-generating element to be cooled, 
and/or are directed towards the membrane subject to high 
thermal loads. In this way a large annular chamber is 
avoided in the pressure sensor of the invention, which would 
impair the mechanical strength of the second part of the 
housing, and a cooling system is formed from a number of 
cooling channels which surround the sensing or signal 
generating element like a cooling cage and are located in the 
wall of the second part of the housing. The cooling channels 
may be located where cooling is needed, the number of 
bores, their position in the housing, and their cross-section 
and shape permitting the local cooling performance to be 
chosen as required. 

As another advantage the mechanical strength of the 
housing is hardly impaired. Especially at the front of the 
pressure sensor the annular chambers adjacent to the mem 
brane may be kept particularly small, or may be omitted 
altogether in individual variants. In this way sensor defor~ 
mations and error signals resulting therefrom are minimized. 

In further development of the invention it is proposed that 
?rst cooling channels be provided which depart from at least 
one inlet pipe and end in an annular chamber adjacent to the 
membrane and that second cooling channels be provided, 
which depart from the annular chamber and end in at least 
one outlet pipe. 

The invention permits in this context that the inlet pipe be 
connected with a distributor chamber from which the ?rst 
cooling channels depart, and the second cooling channels 
open into a collecting chamber which is connected with the 
outlet pipe, and that the ?rst and second cooling channels be 
distributed essentially rotation-symmetrically in the wall of 
the second housing part. 
The distributor chamber and the collecting chamber can 

be provided in the ?rst housing part, which is subject to 
lesser thermal loads, for instance, as concentric annular 
chambers, or as annular chambers situated one above the 
other in axial direction. 

According to the invention it is possible that an annular 
chamber can be provided in the ?rst housing part or in the 
area of the second housing part facing away from the 
membrane, which chamber is divided into two partial cham 
bers of approximately the same size by partitions located 
opposite of each other, one partial chamber being con?gured 
as distributor chamber, and the other one as collecting 
chamber. 
A particularly compact design is obtained by positioning 

the annular chamber at the inner edge of the ring-shaped 
membrane, and connecting it with the cooling channels 
running towards the outer edge of the membrane via a 
narrow annular gap between membrane and housing part, 
through which the coolant flows in essentially radial direc 
tron. 

A variant offering excellent control of the cooling perfor 
mance in the area of the signal-generating element is char 
acterized in that the second housing part is provided with 
several annular cooling channels in the area of the signal 
generating element, which channels surround the signal 
generating element and are cut in opposite areas by the inlet 
and outlet pipes. 
A further variant of the invention provides that, departing 

from an annular distributor chamber in the ?rst housing part, 
several cooling channels directed towards the outer edge of 
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the membrane be provided, which are connected via a 
narrow annular gap on the side of the membrane with a 
central outlet pipe passing through a ring-shaped signal 
generating element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be further described with reference to 
the accompanying drawings, in which 

FIG. 1 is a longitudinal section of a cooled pressure sensor 
according to the state of the art, 

FIG. 2 is a longitudinal section of a ?rst variant of a 
pressure sensor according to the invention, 

FIG. 2a is a radial section of the pressure sensor along line 
2a—2a, 

FIGS. 3-6 are longitudinal sections of other variants of 
the invention, and 

FIGS. 3a, 4a, 4b, 5a, 5b, 6a are the corresponding radial 
sections. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The state-of-the-art pressure sensor shown in FIG. 1, 
which is reduced to its main components, comprises a ?rst 
housing part 1 and a second housing part 2, the two parts 
being provided in one piece. The ?rst housing part 1 contains 
inlet and outlet passages 3 and 4 for feeding and draining a 
coolant, while the second housing part 2, which may be 
inserted into a measurement bore, contains a force or dis 
placement-sensing signal-generating element 5, and is 
sealed gas-tight by a membrane 6. For cooling of the 
signal-generating element 5 and the membrane 6, an annular 
cooling chamber 7 is provided in the housing part 2, which 
chamber 7 is ?ow-connected with the inlet and outlet 
passages 3 and 4, and extends to the membrane 6. This type 
of pressure sensor has certain disadvantages which have 
been discussed previously. 

In all variants of the invention, which are presented in 
FIGS. 2 to 6, the large annular cooling chamber 7 reaching 
from the signal-generating element 5 to the membrane 6 is 
replaced by a number of cooling channels 8, 10, 14, 14', 
which are located in the wall of the housing part 2, sur 
rounding the signal-generating element 5 to be cooled in a 
cage-like manner, and which are partly directed against the 
membrane 6 subject to high thermal loads. 

In the variant of FIGS. 2 and 2a, for instance, ?rst cooling 
channels 8 depart from the inlet pipe 3 and open into a small 
annular chamber 9 adjacent to the membrane 6. Second 
cooling channels 10 run from the annular chamber 9 towards 
the outlet pipe 4. Due to the cooling channels 8 and 10 in 
housing part 2, the thermal energy input in this area is 
e?iciently drained, while an optimum ?ow distribution is 
obtained towards the membrane 6. 

FIGS. 3, 3a, and 4, 4a, 4b show similar variants, where 
?rst and second cooling channels 8 and 10 are provided in 
housing part 1, which run from a distributor chamber 11 fed 
by the inlet pipe 3, via an annular chamber 9 in the area of 
the membrane 6 into a collecting chamber 12 connected with 
the outlet pipe 4. In the variant of FIG. 3 the distributor 
chamber 11 and the collecting chamber 12 are formed by an 
annular chamber in housing part 1, which is divided into two 
partial chambers of approximately the same size by parti 
tions 13 located opposite of each other. 
A special feature of the variant of FIGS. 3, 3a is the way 

in which the coolant is guided in the area of the membrane 
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6. Departing from the ?rst cooling channels 8, which lead 
towards the outer edge of the membrane 6, the coolant ?ows 
in essentially radial direction through a narrow annular gap 
16 into an annular chamber 9, which may be created by 
reducing the diameter of the pressure-transmitting part 17 in 
front of the signal-generating element 5. In the annular 
chamber 9 the coolant ?ows to the other side of the sensor, 
and from there towards the second cooling channels 10, 
again essentially radially through the annular gap 16. Due to 
the small height of the annular gap 16 the rigidity of the 
housing is much higher than in conventional con?gurations. 

In the variant shown in FIG. 4 the ?rst and second cooling 
channels 8 and 10 each are connected to a separate annular 
chamber in the housing part 1, one acting as distributor 
chamber 11 (interrupted in the area of outlet pipe 4), and one 
as collecting chamber 12. Due to this con?guration the ?rst 
and second cooling channels 8 and 10 may be arranged 
rotation-symmetrically, permitting a rotation-symmetrical 
temperature distribution in the sensor. Again, the cross 
section of the annular chamber 9 may be kept exceptionally 
small, as it will only have to admit the coolant stream from 
one cooling channel. 

If the cooling channels 8 and 10 in the area of the 
membrane 6 are connected by bores or grooves 9' (see left 
half of FIGS. 4, and 4a), the' annular chamber 9 next to the 
membrane 6 could be eliminated in this variant. All that is 
required in this instance is a small gap between membrane 
6 and housing part 2 in order to accommodate the minute 
membrane movements amounting to not more than a few 
micrometers. The right half of FIGS. 4 and 4b show a further 
variant, where the cooling channels 8 and 10 are located one 
behind the other along the circumference. 
The variant of FIGS. 5 and 5b represents a pressure sensor 

whose signal-generating element 5 is surrounded in a cage 
like manner by annular cooling channels 14 located in 
housing part 2, which channels 14 are cut by the inlet and 
outlet pipes 3, 4 in opposite areas and are thus integrated into 
the cooling circuit. As is shown in the left half of FIG. 5 (see 
also FIG. 5a), it would also be possible to locate annular 
cooling channels 14' (also in conjunction with cooling 
channels 14) close to the outer surface of housing part 2. 
Once more an annular chamber 9 is provided in the vicinity 
of membrane 6, which chamber 9 is ?ow-connected to the 
inlet and outlet pipes. 

FIG. 6 ?nally shows a variant of the pressure sensor in 
which several cooling channels 8 are provided which depart 
from an annular distributor chamber 11 in housing part 1, 
and are directed towards the outer edge of the membrane 6, 
and which end in a narrow annular gap 16 next to the 
membrane 6. The coolant is drained through a central outlet 
pipe 4' passing through a ring-shaped signal-generating 
element 5'. Electrically insulated signal leads for the element 
5 or 5' have the reference number 15 in the individual 
variants. 

I claim: 
1. A cooled pressure sensor with a ?rst housing part 

containing separate inlet and outlet pipes for a cooling 
medium, and a second housing part sealed gas-tight by 
means of a membrane and containing a signal-generating 
sensor element, wherein a plurality of cooling channel 
means are provided in a wall of said second housing part 
surrounding said signal-generating sensor element, said 
cooling channel means extending in a cage-like manner 
around said signal-generating element and being in commu 
nication with said inlet and outlet pipes for conveying 
cooling medium supplied by said inlet pipe around said 
signal-generating sensor element to cool said signal-gener 



5,471,883 
5 

ating sensor element and to said outlet pipe for discharge. 
2. A pressure sensor according to claim 1, wherein said 

cooling channel means extend towards said membrane sub 
ject to high thermal loads. 

3. A pressure sensor according to claim 2, wherein ?rst of 
said cooling channel means are connected to said inlet pipe 
end and extend to an annular chamber adjacent to said 
membrane, and wherein second of said cooling channel 
means are connected to said annular chamber and extend to 
said outlet pipe. 

4. A pressure sensor according to claim 3, comprising a 
ring-shaped membrane with an inner and an outer circum 
ference, wherein said annular chamber is located close to 
said inner circumference of said ring-shaped membrane and 
is connected with said cooling channel means extending 
towards said outer circumference of said membrane via a 
narrow annular gap between said membrane and said second 
housing part, through which said cooling medium ?ows in 
essentially radial direction. 

5. A pressure sensor according to claim 2, wherein said 
inlet pipe is connected with a distributor chamber from 
which ?rst of said cooling channel means depart, and 
wherein second of said cooling channel means open into a 
collecting chamber which is connected with said outlet pipe, 
and wherein said ?rst and second cooling channel means are 
distributed essentially rotation-symmetrically in said wall of 
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said second housing part. 

6. A pressure sensor according to claim 5, wherein an 
annular chamber is provided in said ?rst housing part, said 
chamber being divided into ?rst and second partial chambers 
of approximately the same size by partitions located oppo 
site each other, said ?rst partial chamber being con?gured as 
said distributor chamber and said second partial chamber as 
said collecting chamber. 

7. A pressure sensor according to claim 2, comprising a 
ring-shaped membrane with an inner and an outer circum 
ference, wherein said cooling channel means departing from 
an annular distributor chamber in said ?rst housing part are 
directed towards said outer circumference of said membrane 
and are connected via a narrow annular gap between said 
membrane and said second housing part with a central outlet 
pipe passing through a ring'shaped signal-generating ele 
ment. 

8. A pressure sensor according to claim 1, wherein said 
second housing part is provided with several annular cooling 
channel means in the area of said signal-generating element, 
which channel means surround said signal-generating ele 
ment and are cut in opposite areas by said inlet and outlet 
pipes. 
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